Sustainable development initiatives address the issues related to economic growth and mobility, and environmental conservation. Sustainable transportation in the U.S. is an essential component of these initiatives. In this context, since the U.S. is a federally governed country, the needs for policy making can be different from one state to another, which requires state-by-state focus prior to sustainability assessment projects. This study aims to contribute to the scholarship by proposing a slack-based measurement data envelopment analysis (SBM-DEA) model with non-radial approach. This study assesses environmental efficiency of U.S states' transportation sectors from 2004 to 2012. In addition to the environmental efficiency measurement, carbon efficiency, and potential carbon reduction were estimated for the states of the U.S. SBM-DEA provided more comprehensive analysis that combines economic and environmental indicators. This approach also captures the excess input and undesirable output (CO2), and shortfall of desirable output. The findings of this study revealed that the states' transportation sectors are environmentally inefficient showing that on average states had an environmental efficiency score below 0.64. Therefore, the states need to substantially reduce carbon emissions to improve environmental efficiency of transportation.
INTRODUCTION
The transportation sector has great influence on the economy of the United States (U.S.). However, one of the most serious issues arising from transportation and economic growth is the environmental deterioration across the country, especially the carbon emissions stock (Chang, 2013) . "Sustainable development is development that meets the needs of the present without compromising the ability of future generations to meet their own needs" (WCED, 1987 , Chapter 2, Section IV). Transportation consumes a high amount of energy (Zhou, 2014) , and the sustainability of transportation is of great importance to the world which hinges on the ability to maximize transportation environmental performance and to minimize adverse impacts (Hendrickson, 2006) . The transportation sector accounted for approximately 10% of the U.S. Gross Domestic Product (GDP) in 2014 (RITA, 2014) . The same sector was found to be the second largest source of greenhouse gas (GHG) emissions accounting for 27% of total U.S. GHG emissions, following the power generation industry (US EPA, 2014) . As an additional critical environmental impact, energy consumption by the transportation sector is expected to increase dramatically in the next quarter century (Frey and Kuo, 2007) . In this context, President Obama initiated a climate action plan that seeks to reduce 17 percent of total carbon dioxide (CO2) by 2020 (Leggett, 2014) .
With the increasing concerns over the recent environmental issues related to transportation activities, sustainable development initiatives have become a central element of public policy making along with the dramatically increased environmental consequences of industrial activities worldwide (Egilmez and Park, 2014) . Therefore, transporting goods and services in a more sustainable way has become an essential topic of discussion. These discussions and projects are expected to contribute to the overall objective of sustainable development (Benjaafar and Savelsbergh, 2014; Choi et al., 2015) . Therefore, it is essential to study the relationship between economic growth and environment performance of transportation activities from a holistic viewpoint towards realizing sustainable development in the transportation sector of a country or a region (Goldman and Gorham, 2006) . Recognizing the importance of reducing GHG emission and energy consumption and evaluating the environmental efficiency in U.S, several studies have addressed these issues, but they focused on the environmental efficiency of the industrial sector (Egilmez et al., 2013) , freight transportation from manufacturing perspective (Egilmez and Park, 2014; Park et al., 2015) , cross country comparison (Zhou et al., 2006; Simsek, 2014) , and the electricity sector (Barba-Gutiérrez, 2009) . No study in the literature has been conducted on the overall environmental performance of the U.S's transportation sector by state.
In this context, the main objective of this study is to analyze changes of environmental efficiency in U.S's state-level transportation sector over a 9-year period (2004 to 2012) using a slack-based non-radial data envelopment analysis (SBM-DEA), and to estimate the potential reduction of transportation CO2 emission. We first measure the environmental efficiency of the transportation sectors in all 50 U.S states through the SBM model by incorporating undesirable output (CO2) . More specifically, we estimate carbon efficiency (CE) , potential carbon reduction (PCR) and excess of inputs and shortfall of output of U.S's transportation sector. The paper is organized as follows: section 2 reviews the literature; section 3 provides the methodology of this study and data description; section 4 presents the results of the analysis and discussion. Finally, section 5 provides the conclusion and policy implications, and suggests direction for future research. Park, Lim, Egilmez, and Szmerekovsky
LITERATURE
Various approaches for measuring environmental efficiency have been proposed in the literature. First of all, Pittman (1983) extended the study by Caves et al. (1982) by incorporating undesirable outputs (e.g. CO2, NOx) into a multilateral productivity index. The problem with Pittman's approach is the difficulty of measuring the shadow price of undesirable outputs (Chang, 2013; Zhou et al., 2007) . Another widely used method is Data Envelopment Analysis (DEA). DEA has become one of the most used approaches in measuring environmental efficiency due to its robustness in finding optimal efficiency scores for different problems and datasets (Chang, 2013) . Other approaches include stochastic frontier analysis (Cullinane and Song, 2006; Cook and Seiford, 2009 ) and the free disposal hull model (Cook and Seiford, 2009 ), but these methods are limited to measuring productivity and efficiency and are typically complicated for modeling undesirable outputs.
As the primary approach, Charnes et al. (1978) proposed the constant returns to scale data envelopment analysis (CCR-DEA). DEA is a non-parametric approach and measures the relative efficiency of decision making units (DMUs) by comparing multiple inputs with outputs (Cooper et al., 2007) . Banker et al. (1984) extended CCR-DEA to variable returns to scale DEA (BCC-DEA). Since then, DEA has been a widely used approach to identify the best management practice within a set of DMUs and to measure efficiency in frontier analysis. The conventional outputoriented DEA assumes that all outputs have to be maximized for a given input set. However, when an environmental pollutant is present in the model, the efficiency assessment becomes a challenging task (Chang, 2013) . Various methods for modeling undesirable outputs in DEA have been proposed in the literature. One approach involves the translation of original data and utilization of the traditional DEA model (Seiford and Zhu, 2002; Lovell et al., 1995) . Another treatment is to consider it as an input variable. The concepts of weak disposability and strong disposability of undesirable outputs are proposed by Zhou et al. (2007) . Under the weak disposability property, a reduction in undesirable outputs will result in a reduction of desirable outputs, while strong disposability assumes that it is possible to reduce the desirable output without changing the undesirable outputs (Watanabe and Tanaka, 2007) . However, recent studies preferred using a slack-based measurement model (Tone, 2001; Cook and Seiford, 2009; Hu and Wang, 2006; Lozano and Gutiérrez, 2011; Chang, 2013) and non-radial DEA (Zhou et al., 2007) to handle undesirable outputs.
The theory and methodology of slack-based measure (SBM) was first proposed by Tone (2001) . SBM captures the input excess and output shortfall of the DMUs while conventional CCR-DEA and BCC-DEA models deal with a proportional reduction or expansion of inputs and outputs (Chang, 2013) . Based on the principle of a non-radial model, the primary purpose of the SBM is to locate the DMUs on the efficient frontier, and the objective function of the SBM is to be minimized by finding the maximum slacks (all slacks are zero) (Tone, 2001) . Non-radial efficiency SBM-DEA is found to be very appropriate compared to traditional DEA models (Zhou et al 2006; Hernández-Sancho, 2011) . Zhou et al. (2006) found that it has a higher discriminatory power when compared to the conventional radial efficiency measures. Another advantage of non-radial efficiency SBM-DEA is that the efficiency indicator for each variable can be identified to increase the efficiency level of the DMU being studied.
The non-radial efficiency SBM-DEA model was applied by Zhang et al. (2008) to the industrial systems in China. The authors measured industrial eco-efficiency by considering the pollutants chemicals' oxygen demand, nitrogen, soot, dust and solid waste as inputs and value Park, Lim, Egilmez, and Szmerekovsky added of industries as a desirable output. Besides the pollutants, material and energy consumption were incorporated as inputs in the model as well.
As one of the up-to-date benchmark studies to the current study, Chang et al. (2013) applied a non-radial efficiency SBM-DEA model to measure the environmental efficiency of the transportation sector in China. They used CO2 emission as an undesirable output. This approach provided more comprehensive efficiency measures by estimating the economic and environmental performances through capturing the slack values of input and undesirable output as well as the shortfalls of desirable output. Another recent study by Zhou et al. (2014) performed an energy efficiency assessment of the regional transport sectors in China from 2003 to 2009. Some other studies associated with transportation such as a passenger airlines (Merkert and Hensher, 2011) , airports (Lin and Hong, 2006) , global airlines (Scheraga, 2004) , and ports (Chang, 2013) are found in the literature. The only study using the DEA model to assess eco-efficiency of U.S transportation was conducted by Egilmez and Park (2014) . The authors only considered the environmental and economic impacts of transportation from a manufacturing perspective, and the environmental impact was incorporated as the input while the economic outputs was considered as the output for assessing eco-efficiency. The literature shows that environmental impacts are considered as inputs or outputs depending on the type of models used, and mostly traditional DEA frameworks are preferred which lack the aforementioned properties. There is only a handful of works available in the literature that use the slack-based measurement DEA with a non-radial approach for assessing environmental efficiency including environmental efficiency assessment of OECD countries (Zhou, 2006) and environmental efficiency of transportation activities in China and Korean ports (Chang, 2013) . Therefore, this study intends to contribute to the literature by applying the slackbased measurement DEA model with a non-radial approach to analyze environmental efficiency of state-by-state tansportation sector in the U.S.
METHODOLOGY

Slack-based measure model description
The aim of this study is to develop a framework to measure the environmental efficiency and potential CO2 reduction of the transportation sector in the U.S. Following Zhou et al. (2006) and Chang (2013) , this paper presents a DEA framework based on the slack-based measure (SBM) by adding the undesirable output into the objective function and the constraint function (Tone, 2001) . We assume that reducing input resources relative to producing more outputs is a criterion for efficiency measurement.
When considering an undesirable output in the model, it should be noted that efficiency can be formed with more desirable output and less undesirable output relative to less input resources (Chang, 2013) . Suppose that there are j = {1, …, n} DMUs and that each j uses m inputs to produce p1 desirable outputs and generate p2 undesirable outputs (CO2 emissions). The vectors of inputs, desirable outputs and undesirable outputs for DMUi, are given by xj ∈ R m , yj ∈ R p1 and cj ∈ R p2 , respectively. Thus, for n DMU's, we define the input, desirable output and undesirable output matrices as X = [x1,…,xn] ∈ R m*n , Y as Y = [y1,…,yn] ∈ R p1*n , C as C = [c1,…,cn] ∈ R p2*n . All data on X, Y and C are positive. The production possibility set (PPS) can be described as follows:
(1) Park, Lim, Egilmez, and Szmerekovsky where λ denotes the non-negative intensity vector, and the production technology in (1) exhibits constant returns to scale (CRS). From the concept of slacks, the efficiency of DMUs must be measured with consideration of how much input waste can be reduced to a given level of output, and how much output can increase for a given level of input (Tone, 2001) . But this original approach developed by Tone (2001) did not consider the presence of any undesirable output in the model. Therefore this study uses a SBM specification by incorporating an undesirable output into both the objective function and a constraint function. The SBM-DEA model can thus be expressed in Model 1 below: The DMU is efficient if e 0 * is equal to 1, which implies all the slack variables 0 − , 0 , and Park, Lim, Egilmez, and Szmerekovsky
The optimal solution of the LP model (7) - (11) , can be generated through Model 2 with t * > 0.
In this paper, carbon efficiency (CE) of each state is estimated based on the method proposed by Hu and Wang (2006) where the index of total-factor energy efficiency was introduced using DEAgenerated optimal energy input level, and by Zhou and Ang (2008) 's approach of evaluating energy efficiency with undesirable output . The carbon efficiency (CE) can be estimated as follows :
where, C 0 t is real carbon emission input, and S 0 c is slack of carbon emission, therefore C 0 t − S 0 c is the target carbon emission input. Additionally, the potential carbon reduction (PCR) of each state is estimated by the slack variable S 0 c as it is the excess variable of undesirable output (carbon emission). Finally, performance of improvement for each input and output indicator was evaluated in terms of percent.
Data description
In order to analyze the environmental efficiency of the U.S transportation sector, this study investigates the whole of U.S. states. By using the related literature, panel data of 50 U.S. state is collected from 2004 to 2012. The data includes capital expense, energy consumption, and amount of labor in the transport sector as input variables. In many empirical studies, capital, energy and labor are considered three major inputs in production, and gross domestic product (GDP) is a common indicator in measuring overall economic output. Therefore, this study treats the aforementioned inputs and output in the same way, because all inputs can be reduced without reducing desirable output levels. Additionally, undesirable outputs such as CO2 that is generated by energy consumption are also taken into account as a byproduct of producing desirable outputs (Simsek, 2014) . The labor and capital input data was collected from the U.S Bureau of Labor Statistics and the U.S Census Bureau. The data on the volume of energy consumed in the transportation sector were collected from the U.S. Energy Information Administration. In the case of the output, a state's transportation value added (GDP) was considered a desirable output (Chang, 2013; Zhou et al., 2014) , and the data was collected from the Bureau of Economic Analysis. The Park, Lim, Egilmez, and Szmerekovsky data on CO2 emissions was available from the U.S Energy Information Administration (U.S. EIA). The data descriptions are provided in Table 1 . Table 2 . On the other hand, relatively small differences can be found in labor input and CO2 emissions. The correlation matrix of inputs and outputs in Table 3 are analyzed to see if there is a significant relationship between the input and output variables. From the results in Table 3 , we can see a significantly high correlation exists between the input and the output variables in that the correlation coefficients are all above 0.600. 
RESULTS AND DISCUSSION
Input and output indicators
U.S. States' environmental efficiency performance
As mentioned in Section 3, the environmental efficiency (EE) score in the transportation sector is evaluated by the e 0 * , because it includes the slack variable of all input and output variables. Then, the carbon efficiency (CE) score is estimated by equation (12), and finally potential carbon reduction (PCR) is calculated by the slack variable 0 . Tables 4 and 5 show the results of EE and CE indicators for each U.S state from 2004 to 2012. The overall average EE performance from 2004 to 2012 of the transportation sector in the U.S indicates that only four states of fifty (Alaska, Illinois, Nebraska and Vermont) were found to be (relatively) environmentally efficient as scores of EE in the four states are 1. In terms of CE, five states (the four states previously mentioned and texas) were found to be (relatively) carbon efficient states. The EE scores for inefficient states ranged from 0.341 to 0.965 (average = 0.640), with Texas ranking first and Alabama ranking last among the inefficient states. CE scores for inefficient states ranged from 0.307 to 0.975 (average = 0.638) with Rhode Island ranking first and South Carolina ranking last among the inefficient states. The ranking is consistent between EE and CE scores over the states.
The results of the SBM model indicated that, after accounting for output, input and pollutant slacks, approximately 40% of the states have an above-average EE and CE score suggesting that most of the states' transportation sectors were not environmentally efficient during the 9-year study period, as states use massive amounts of input resources in order to produce more outputs. Therefore, there is great potential to improve the EE and CE score in each state. The states on the average could accomplish a 36% improvement in EE and 36.2% in CE if all states operate at the frontier of production technology. In addition, there was no significant change in the EE and CE scores from 2004 to 2012. This empirical result might be attributed to the fact that there was no significant growth in carbon emission. But there was a slight decrease in carbon emissions from 2005 to 2008, followed by an increase thereafter. The average EE and CE have the Park, Lim, Egilmez, and Szmerekovsky same trend as the rate of CO2 emissions in the U.S transportation sector (EPA, 2013) . In a future study, the most recent data should be added to further analyze the efficiency of states.
As the results of EE and CE indicate, most of the states are not performing efficiently in the transportation sector, leading to conclusion that there is great potential to reduce carbon emissions in each state, which is also a necessity. We can see in Table 6 that the U.S. transportation sector can reduce a great deal of carbon emissions ranging from at least 0.03 million metric tons to 23.40 million metric tons. The average PCR was found to be 7.10 million metric tons. As shown in the last column of Table 6 , on average, 46 U.S. states' transportation sectors showed excessive CO2 emissions that need to be reduced. Among the states, Florida shows the highest potential for carbon reduction with 23.40 million metric tons followed by Louisiana with 23.18 million metric tons and North Carolina with 20.33 million metric tons. Compared to Louisiana and North Carolina; Florida had a relatively higher EE score but larger PCR. This suggests that the inefficiency in Florida's transportation can be explained in large part by the presence of environmental impact slack. On the other hand, North Dakota, Tennessee, Delaware and Rhode Island were found to have only a small amount of excess CO2 emissions, showing 0.62, 0.61, 0.29 and 0.03 million metric tons of PCR, respectively.
In spite of that, there are only four environmentally efficient states and most EE scores are quite low. Therefore, it is imperative for us to examine the slack values of inputs and outputs in the model. The purpose of measuring the relative efficiency is to determine the amount of excess inputs and the shortfall of output so that the DMUs can identify the best management practices for sustainable transportation. The estimated slack values and the associated improvements are presented in the parentheses in Table 7 .
Combining Tables 4,5 ,6, and 7, it was found that low-ranked environmentally inefficient states have extremely high slack values and high slack percentage in input variables. This pattern suggests that the input levels need to be lowered by the suggested amount in order to achieve 100% efficiency. For example, among the environmentally inefficient states, Alabama has a higher excess in the input variables, including capital, energy, labor, and CO2, while producing insufficient goods and services (GDP) related to the transportation sector. Other problematic states such as Maryland, Mississippi, Colorado and South Carolina, also show much waste in input variables and have high shortfalls in GDP as well. In addition, the third-best state among the inefficient states, California, has extremely high excess values in capital, energy, and labor, as well as a shortfall in GDP. Florida and Louisiana show the greatest excess in undesirable output (CO2). The percentage of excess of inputs shows that, on average, capital investment has the highest percentage slack at 31.3%, CO2 has the second highest in slack at 21.9%, and labor has the third highest in slack at 14%, while energy input has relatively less slack at 2.4%. The results indicate that the federal government and state agencies should focus on capital investment that state policymakers can reduce unnecessary investment in the transportation system, and force more efficient use of labor in the transportation sector in order to improve environmental efficiency. Park, Lim, Egilmez, and Szmerekovsky 
CONCLUSION
Sustainable development in U.S. transportation is essential for economic growth and mobility, but also for the environment. However, no study has been conducted on the environmental efficiency of the U.S. transportation sector. This study uses a non-radial SBM-DEA model with an undesirable output (CO2) to measure the environmental efficiency of the U.S transportation sector from 2004 to 2012. Using the SBM-DEA model, environmental efficiency (EE), carbon efficiency (CE) and potential carbon reduction (PCR) are calculated for each state, and we measure the size of slack input resources and excess CO2 emissions as well as the shortfall of desirable output (GDP).
According to the results we draw the following conclusions: 1) Most states had an average EE below 0.64 during 2004-2012, meaning that these states had considerable room for improvements in transportation environmental efficiency; 2) among the 50 U.S states, four states were found to be environmentally efficient (Alaska, Illinois, Nebraska and Vermont), the remaining 46 were inefficient with Alabama, South Carolina, Colorado and Mississippi being the most inefficient with average EE and CE scores below 0.4; 3) during the 2004-2012 study period, the trend of EE and CE slightly decreased between 2005 and 2008 and then began to increase; this is consistent with the rate of CO2 emissions in the U.S transportation sector during the same time period; 4) there was a large PCR for most of U.S states; the average PCR was found to be 7.10 million metric tons; 5) the slack analysis showed that most states had high excess in capital expenses, labor use, and CO2, and shortfall in GDP.
The findings provide policy insights as well as an overview of U.S. transportation sector's environmental performance towards the development of a sustainable transportation industry in the U.S. First of all, the slack analysis shows the potential improvement of states' environmental efficiency performances in the transportation sector through reducing input and environmental slacks. Second, the policy should adopt the goal and strategy of encouraging energy conservation to reduce CO2 emissions in the transportation sector. The DEA benchmarking results of this study show that state policymakers could learn and adopt the best practices in eco-efficient states to enhance transportation environmental efficiency. Finally, the U.S could improve technological innovation and the current fuel economy standards to produce a more environmentally efficient transportation system. Although this study provided an overall understanding of environmental performance of the U.S. transportation sector, limitations exist, which can be further investigated. First of all, individual states' performances were compared with other states in the country, and the results may be sensitive to the number of inputs and outputs as well as the levels of aggregation in the data. Also, this study used GDP as the only good output, but different states have different ways of generating GDP and in many cases serve as complements to each other. Therefore, a potential for future research would be to break GDP (or some other indicator) down by market segment to try to capture the relative efficiencies of the states doing different things to generate GDP. Furthermore, the panel data over the years for multiple DMUs can also be analyzed using stochastic frontier analysis to compare the eco-efficiency scores. Lastly, more up-to-date data should be collected in the future to analyze current changes in environmental efficiency in the U.S transportation sector.
